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Tiép can da tac vu

m Tiép can chuwong trinh don: mét tac vu (ludng)
m Tiép can gan/tiép can sau: 2 tac vu
m Tdng quat héa, da tac vu la:
Ciing goi la cac quy trinh, luéng
Méi tac vu dwoe xtr ly song song
= Khong chiém toan bo tai nguyén xt ly
s Cac tac vu twong tac dong thoi téi cac phan tir bén ngoai

Diéu khién b cam bién, diéu khién co cau truyén dong thong qua
DMA, bo ngat, 1/O.

s Thuwdong dwoc xir ly song song
Yéu cau
m Lap lich cho cac tac vu
= Chia xé& di¥ liéu gitra cac tac vu dong thoi
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Cac dau hiéu cua tac vu

m  Cac tac vu mai o thé khéi déng trong khoang thoi gian
Theo chu ky hoac khéng theo chu ky
m Tac vu cb thé gom:
Tai nguyén can thiét
Cac muc quan trong
Quan hé wu tién
Lién két
Gi¢i han thoi gian
m Trang thai clia tac vu
Hoat dong
Chuén bj tac vu - che xi ly tir CPU
Han ché tac vu - cho khi cé sy kién khac tac dong t&i qua trinh xr ly
Khéng hoat dong
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Quyén wu tién

m Khéng co wu tién: tac vu khi khéi déng sé chay
dén khi dirng lai hodc tac dong t&i mot s6 cong
vao/ra

m Uu tién: tdc vu co thé dirng lai dé chay tac vu
khac

Chiu sw wu tién va sw phwrc tap trong thue thi
Co qua trinh 1ap lich va phan tich

Trong khdng wu tién, cac tac vu hoat doéng do bi ép
bubc
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Lap lich cho da tac vu

m Ké hoach 13p lich ddng
Cac tac vu xay ra déng
Qua trinh kiém tra lich xay ra moi khi cé tac vu dong dwoc hoat
dong
Khi cé tac vu mai, trwée khi khéi dong
m Lap lich hoat ddng cho tac vu trwéc va sau
s Néu qua trinh Iap lich co 16i, c6 phwong an thay doi
Lich nhan dwoc sé quyét dinh khi khdi tao
m K&t qua dat dwoc cla lap lich dong
Hé thdong cb gang dat dwoc théi han vé thdi gian hoat ddng
Khong biét khi nao gidi han vé thdi gian xay ra cho dén khi gap
deadline hoac tac vu két thuc hoat déng
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Thwc thi trong hé diéu hanh tho
gian thwc

Nho, nhanh

Ché dd thoi gian thwe

Nghién ctru hé diéu hanh

Thanh phan cla ngdn nglr tao méi trwdng
Java (embedded real-time Java)

Nhan don hoac nhan nho tich hop
m Van dé chinh
Mo hinh song song: s kién, Iuéng, lap lich
M6 hinh bd nhé: Tinh va déng
Céac md hinh thanh phan khac néu cé
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Suw so sanh cua cac RTOS khac
nhau: sw thwe thi tuan hoan

Application Application Application

Drivers

: I/O Services
Device Network
Drivers

Kernel Mode
TCP/IP Stack
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" JEE——
Suw so sanh cua cac RTOS khac
nhau: nhan don

Application Application Application

User Mode

(protected)

Kernel Mode :
Subsystem

Device Network Graphics
Drivers Drivers Drivers

Hardware Interface Layer
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Suv so sanh cua cac RTOS khac
nhau: nhan nho tich hop

Network Network
Manager Drivers
Application Graphi
Photon LAPHIES
Drivers
Application
Device Device Drivers
Application Manager
Filesystem Filesystem
Manager Drivers
User Mode
(protected)

Kernel Mode Kernel (tiny)
Vi Quang Diing
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Hé diéu hanh thoi gian thuce linux

m Vi diéu khién:
uClinux - Linux nhd (nhan < 512KB) voi
TCP/IP
m Embedded PC
RTLinux
RTAI (Real-Time Application Interface)

TinyOS

Vi Quang Diing
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" S
RTLIinux

s

P

Realtime

Realtime
task 0 task 1

Linux

) [>

7 §

I

Realtime Kemel (Virtual Machine Layer)

)

Y

!

Interrupt control hardware Target Plarform

Linux ndm bat va Iam viéc theo cac ché dé ngéat, théng qua cac 1énh vé ngat

Ché dd thai gian thwe va xr ly théng tin trong Linux thdng qua sw phan chia bd nhé va céc giao

|BAQ Hardware
m  Nhan Linux hoat ddng dwéi ché do wu tién nhé nhat
Nhan Linux hoat déng theo ché do wu tién
|
dién cia chwong trinh
m Issues

Co ché thoi gian thwe chay trong cing mét khdéng gian dia chi gibng nhw nhan Linux
Cac device drivers danh cho co ché thoi gian thwe khéng thé sir dung chuén co ché cla

Linux

Khéng cung cap cac qua trinh quan ly tai nguyén
Linux drivers dwoc ngat trwee tiép khi xay ra sy cd

Vi Quang Diing
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RTAI (Real Time Application

Interface)

Vi Quang Diing

Dw an ma pguén m¢& xay dwng trén y twédng ctia RTLinux, va dwgc tang kha nang
|én dang ké
Linux kernel lam thay déi trong qua trinh nam bat ham ngét va lap lich, va dwoc ciu
thanh béi
Céc nén thdi gian thwe véi do tré nhé va cé sy dy doan cao
Va cac nén khong theo thoi gian thwe nhw giao dién nguwdi dung
Tich hop gilra lap lich cho cac tac vu clia nhan, ludng xt ly va cac tién trinh theo cla
cac tac nhan khac
Ludng x& ly dwoc bao vé béi cac qua trinh tré trong cac dbi twong lap lich cla
linux
Vé co ban, thi ham ngat la qua trinh by cla cac sy kién bén ngoai va can thiét cho
cac tién trinh xt ly khac trong Linux
S& dung HAL (Hardware Abstraction Layer)
Vé qua trinh xt ly ddng, thi mét I&¢p middleware dwoc dung dé diéu khién cac tién
trinh goi tha tuc cua cac RTAI API
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TinyOS

. Khong han 1a mot hé dicu hanh theo quan niém truyén thong

. Puoc cau trac gidbng nhu mat tién trinh xtr 1y trong hé diéu hanh
. Application = Scheduler + Graph of Components

. MO0 hinh song hanh — su kién va kién trac diéu khién

. Chia xé don cua ngin xép

. Lap trinh trén NesC, mot dang cua C

application sensing application
WA SRR
routing Routing Layer .
| | TT 3 Main ( & scheduler)
messaging Mesigny Eaysr Application (User Components)
packet | Radio Packet | | UART Packet
LILL AA - - - -
W i LW Actuating Sensing | Communication
byte Radio byte UART byte photo rTemp SW
[T
vy || vy H .
bit | RFM cmcks] ADC| |izc HW ardware Abstractions
|
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Sy tai cau hinh ciia phan mém

m Qua trinh cam nhan va hoat ddng cua networks doi hoi
moOt qua trinh lién tuc vo han
m Svw phat trién cla phan mém Ia qua trinh ké thira lién tuc
Tuy bién mai trwérng hé thdng
Qua trinh nang cap
Stra va loai bd 16i
Tai 1ap cac bai toan va tién trinh hé thong
m Tai lap trinh trién khai hé thdng
m Diéu khién sw tai 1ap trinh 1a ban chat tat yéu cla sw bén
virng
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Kién truc hé thong

Dynamically
Loaded modules

Static Small OS Kernel

Dynamic Message Dynamic Kernel

Memory Scheduler Linker Components
Sensor Messaging System RTOS

Manager I/O Timer Services

Device
Drivers
Static Kernel Dynamic Modules
Triru twong hda phan cirng va cac tientrinh . Trinh diéu khién, protocols, va cac chwong trinh
Thay doi sau khi trién khai kho va dat . Thay dbi sau khi trién khai dé dang va ré

C4u truc di¥ liéu danh cho cac module . CAu truc va vi tri doc lap
Vi Quang Diing 15
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Embedded Linux

m B6 cong cu (Tool chains)

m Bootloader

m Xay dwng nhan (Building Linux kernel)
m Diéu khién thiét bj (Linux device driver)
m Giao dién ngudi st dung (GUI)

Vi Quang Diing
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B0 cOng cu

= BO cong cu sir dung trong phat trién cac
muc tiéu cua phan cirng

s Pudc st dung trong pham vi xay dung
phan mém trén mot hé thong sé dugc cai
dat hoac tréen mot s6 hé thong khac

m Pudc st dung véi cac thiét bi khac dé bién
dich, tao thu vién, ngon ngir may ...
(compiler, libraries, assembler)
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Lgi ich cua bo cong cu

m Bat ky du’ an nao ma can thiét trong
xu' ly nhing déu can thiét phai co
cong cu phat trién phan mém

= Pem lai Igi ich trong phat trién hé
thong nhiing mdi véi bo cong cu
rieng biét
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Vai tro cua bb cdng cu

Application
Software

Toolchain

RTOS
| Input Device ' OQutput

T
P — "= " 4

Hardware Platform
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Source Source Source
code code code

compiler compiler compiler
Assembly Assembly Assembly
code code code

Assembler Assembler Assembler

Libraries Linker
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Bo6 cong cu GNU

m GNU la hé diéu hanh, giong nhu Unix
(GNU'’s Not Unix), da dugc phat trién
trén 20 nam bdi té chirc phan mém
tu do (FSF — Free Software
Foundation)

= Phan mém GNU dugc biét tdi la tinh
on dinh va tién loi

= BO cong cu GNU la ma nguon mo
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Thanh phan cua bo cong cu
GNU
m Bién dich - gcc
m Assembler - binutils : as
m Lien két - binutils : Id
m Thu vién - glibc
= G& 16i - gdb

Vi Quang Diing
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Gcee — GNU Compiler Collection

= Gce dugc viét hoan toan trén ANSI C véi su
ho trg bién dich cho C, C++, Objective C,
Java, va Fortran

m GCC cung cap nhiéu mirc do ki€m tra 10i
ma nguon, thong tin vé gd 16i va c6 thé thi
hanh trén nhiéu dang khac nhau nham toi
uu két qua cua ma nguon

= Gcj (GNU Compiler for Java) dugc tich hgp

va ho tré¢ cho ma nguon Java hoac Java
bytecode

Vi Quang Diing 23



"
GNU binutils (GNU Binary Ultility)

= Binutils la tap hop cac cong cu xur' ly
nhi phan nhu assembler, lién két,
disassembler ... .

= Binutils st dung dé tao va thao tac
v3i ma nhi phan cua file
= Thanh phan chinh gom
Id - GNU linker.
as - GNU assembler.

Vi Quang Diing 24



=
Thw vién C trong GNU

s Bat ky hé thong giong Unix nao déu can thu vién
C, xay dung cac tap lénh, quan ly tién trinh, bo
nhg ...

s Thu vién C dudc su dung nhu cac thu vién C khac
trong hé thong GNU va trong nhan Linux

s Thu vién C la su’ két noi trong ma nguon, va che
giau cac chirc nang dac trung cua nhan.
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GDB — GNU Debugger

= Cho phép xem dugc tién trinh bén
trong cua chuagng trinh khac trong
thu'c thi

= Cho phép xem ducc chuong trinh
khac lam gi tai thoi diém dirng khan
cap chuong trinh

= GDB c6 thé chay trén moi hé thdong
nhu’ Unix va c6 thé trén Windows
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Thanh phan ngdén ngi» ho tro ciia GDB

mC

m C++
m Java
m Objective C

Vi Quang Diing
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Bootloader

s Bootloader la thanh phan chinh, quan trong khi khgi dong
nhan
= Co nhiéu loai bootloaders khac nhau cé thé st dung véi
Linux trong nhiéu cau tric phan cirng
LOIO
GRUB
LinuxBIOS
Redboot
U-boot

m Bootloader cua hé thong nhing sé lam:
Khdi tao phan cirng: bo vi xur' ly va bo nhé
Khdi dong nhan va thuc thi nhan (trong mot so6 truong hop can phai
truyén tham so6 cho nhan linux)

Vi Quang Diing

28



"
Vi du vé bootloader

POWER/RESET Fetch & Execute
Memory Map
@--mmmmmmmmm e 0x00000h
Lo ornd reset vector is at 0x0000h
0x0001Fh
l 0x00040h
Execute o
Loader :
L]
! code comes from FLASH 0x0103Fh
L]
! :
:
Initialize = I— .:
Hardware
0x10000h
No Download Image
Image in
ROM/FLASH —P[froml-loctlntom]
Yes
0x103FFh
Copy image from Initialize the Image in
ROM/FLASH to RAM RAM - Reuse RAM
Initialize code durig space

copy
1 |

v

( Execute the
Vi Quang Diing _ Newimege
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Tong quan vé Bootloader

Vi Quang Diing
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Tién trinh Bootloader

m Partl
0 Nhay téi dia chi 0x00900000
m Part2
0 Khdi tao thanh phan phan cirng
0 Cai dat ché do cho CPU
= Part3
0 Hay bé tat ca cac ham ngat
1 Copy va khdi tao dir liéu tir ROM sang RAM
01 Cac thanh phan khong co dir liéu dudc khdai tao vai gia tri Zero
01 Tinh toan khong gian cho khdgi tao ngan xép
01 Khdi tao con tré trong ngan xép
1 Tao va khdi tao bé nhé dong
01 Thu'c thi cac cau tric cho cac gia tri toan bo (C++)
01 Cho phép cac ham ngat
0 Goi ham main
m Part4
0 Chuong trinh ma C/C++

Vi Quang Diing
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Xay dwng nhan Linux

m Co 3 kién truc khac nhau vé host/target
dudc sir dung cho phat trién hé thong
linux nhiing:

Cai dit lién két
Cai dit thiét bi Ivu trir di déng
Cai dat tu dong

m Qua trinh cai dat c6 thé lién quan téi mot
hoac nhiéu thanh phan, phu thuoc vao yéu
cau va phuong phap phat trién hé théng
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Cai dat lién két

= Pich va nguon dugc lién két co dinh
v@i nhau st dung lién két vat ly

Lién két doé co thé thong qua cdng serial hoic
ethernet

Tat ca dir liéu dugc chuyén qua lién két

xCross-platfor *Bootloader
development *Kernel
environment

*Root filesystem
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Cai dat lién két (tiép)
= Nhin dudc trung chuyén qua ftp can bang

(TFTP)

m Hé thdong file goc co6 thé Ia NFS thay vi Ia
ndi luu trir tai nguon

= Lién két vat ly co thé st dung cho muc
dich go loi

Nhiéu hé thong nhiing cung cap ca 2 loai lién két qua
Ethernet va RS232
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Cai dat thiét bj lwu trir di ddng

m Thiét bi Iuu trir dudc viéet bai nguon
va sé chuyén sang dich, va st dung
lam thiét bi khdi dong

*Cross-platform

development *Bootloader
environment

*Secondary
bootloader *Kernel

Vi Quang Diing *Root filesystem 35
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Cai dat thiét bj lwu trir di ddng (tiép)

m Dich chira hé thong khai dong nho nhat
Cac phan con lai dugc luu trir tai thiét bi luu tri nhu
CompactFlash IDE va mot so loai khac
M Thay vi dung chip flash c6 dinh, nguon co thé chira socket
ma cac chip flash cé thé dé dang gan vao va thao ra

Chip sé du'gc lap trinh bang flash programmer tai ngudn va sé
gan vao socket tai dich

m Cai dat nay dudc st dung nhiéu trong cac giai doan dau cua
phat trién hé thong nhiing
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Cai dat tw dong

= Dich c6 thé tu chira hé thong phat trién va
bao gom tat ca cac phan mém khai dong,
diéu khién va phat trién cac phan mém
phu

Cai dat nay thuong sir dung tai cac may workstation, loai

tru’ cac phan cirna : 0 hai cua may tram ma
la thuoc hé thon

*Bootload
er ¥*Kernel

*Full root
filesystem *Native
development /
~environment
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Cai dat tw dong

m Cai dat tu dong pho bién khi phat trién xay
du'ng hé thong PC manh trén cau tric cua
hé thong nhung

C6 thé sir dung chuin san sang st dung cua linux cung
cap cho hé thong nhung (off-the-shelf )

Mot khi da phat trién xong, hé thong hoat dong theo trat
tu xuong theo su phan bo va muc dich yéu cau

= Doi hoi xay dung mot hé thong goc
filesystems danh cho no, va dudc cau hinh
khi hé thong khai dong
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Cai dat ty dong (tiép)

m Mot s6 dac diém riéng biét tir phan cirng dé chay hé thdng
Linux:
Linux doi hoi tdi thiéu 32-bit CPU chira hé diéu khién bé nhé (MMU)
Pu dung luvdng RAM can thiét cho hé thong lam viéc
Nang Iuc toi thi€u cua hé thong I/0 doi hoi néu trong qua trinh phat
trién can phai tach riéng dich va ngudn dé dé dang cho kiém I0i

m Co6 3 su cai dat khac nhau dudc sir dung dé tu khdi dong hé
thong linux nhing:
Trang thai lvu trir virng chac
0 dia
Mang
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Trang thai luu tru’ vung
chac

Boot
parameter

Bootloader

Vi Quang Diing
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Initializing

OXFFFFO
(ROM-BIOS)

Boot sector LiLo (Linux
512bytes Loader)

bzlmage
(Kernel
Image)

Vi Quang Diing

Bootloader é

........

......

................
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Mang

= Nhan linux tap trung vao trang thai
luu trir virng chac hodc 0 dia, va hé
thong filesystem goc NFS

m Chi co bootloader dudc tap trung vao
thiét bi Iuu trir cuc bo. Nhan dugc
cap nhat thong qua TFTP, va hé
thong filesystem goc NFS
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Nhan linux

User Level

Kernel Level

. Scheduler
Linux

Memory
management

Kernel Level
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Piéu khién thiét bi
= Pac trung cua thiét bi

m Khoi thiét bi
m Giao dién mang

Vi Quang Diing
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Pac trwng cua thiét bi

= Ddc trung co ban cia thiét bj la c6 thé truy
nhap nhu la mot chuoi cua byte

m Su’ diéu khién thudng dé thuc thi toi thiéu
cac chifc nang nhu ma, dong, doc, va ghi
yéu cau hé thong

= Giao dién console (/dev/console) va cdng
noi tiép (/dev/ttySO0) la nhirng vi du cua
dic trung thiét bi

= Pac trung cua thiét bi la cac kénh dir liéu,
ma c6 thé truy cap lién tiép
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Khoi thiét bi
= Giong nhu dac trung thiét bi,

khoi thiét bi la su’ truy cap cua
filesystem vao thu muc /dev.

Vi Quang Diing
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Giao dién mang

= Bat ky su’ thu'c hién trén mang du'cc
tien hanh thong qua giao dién, thiét
bi c6 thé trao doi dir liéu vdi cac host
khac

= Giao dién mang c6 thé dugc nhin
nhan nhu hang dgi (Queue)

= Unix cung cap su truy cap tdi giao
dién thong qua tén truy cap riéng
danh cho chiung (nhu ethO0).
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Giao dién nguwdi sty dung

= QT & QT Embedded

Qt la thu' vién 16p C++ danh cho phat
trién GUI chay trén Unix, Windows

Qt/Embedded la cdng linux nhiing cia
Qt, Ia su hoan thién cua GUI trén C++
va nén phat trién danh cho Linux nhiing
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